The introduction of carbohydrate paper chromatography by Partridge (1948 a) provided a simple method of confirming the chemical studies of Shigella polysaccharides by Morgan (1931, 1982, 1936, 1937) , Morgan & Partridge (1940 , 1941 and Goebel, Binkley & Perlman (1945) , and of extending these studies to other Shigella polysaccharides. Partridge (1948 b) confirmed the presence of glucosamine, galactose and rhamnose in the hydrolysis products of ShigeZZa shigae polysaccharide extracted by the diethyleneglycol method. Jesaitis & Goebel (1952) identified glucosamine, galactose and glucose in the hydrolysis products of S. sonnei polysaccharide extracted by the infusion of phenolkilled organisms with warm distilled water. Slein & Schnell (1952) , and Slein (1952) , identified glucosamine, glucose and rhamnose in the hydrolysis products of S. JEezneri type 3 polysaccharide. Davies (1955) identified glucosamine, galactose, glucose and rhamnose in the hydrolysis products of S. schmitzi polysaccharide and galactosamine, glucosamine, galactose and glucose in S. alkalescens polysaccharide. The trichloroacetic acid method of extraction was used in the preparation of the last two polysaccharides. Aldoheptoses have been identified in a lipopolysaccharide extracted from S. sonnei by Jesaitis & Goebel (1952) , from a phosphorus-containing polysaccharide extracted from S. Jlexneri type 8 by Slein & Schnell (1953) , and in a lipopolysaccharide extracted from S. shigae by Davies, Morgan & Record (1955) .
In the present work the trichloroacetic acid method of extraction (Boivin & Mesrobeanu, 1984 , 1937 was used because i t is now generally accepted that antigenic preparations can be obtained in this way from the majority of Gramnegative bacilli (Boivin & Mesrobeanu, 1984 , 1987 Davies, 1955) , although i t fails to remove the analogous substances from PasteureZLa pestis (Girard, 1941) , and some Escherichia coli strains (MacPherson, 1956) . When applicable the diethyleneglycol method (Morgan, 1937) is the most satisfactory method as this solvent is effective a t neutrality and a t normal temperatures. Unfortunately it is not generally applicable to the Shigella group as the yield with some strains is poor and with ShigellaJlexneri type 6 no antigen can be recovered at all (Goebel, Binkley & Perlman, 1945) . Trichloroacetic acid extracts are not, however, homogeneous but consist mainly of two components, the one being a polypeptide-phospholipid-polysaccharide complex or antigenic complex, and the other free serologically-active polysaccharide (Davies, Morgan & Mosimann, 1954) . The yields of polypeptide-phospholipid-polysaccharide complex and of polysaccharide are not so high as with other methods of extraction but the preparations are less heavily contaminated with other cell constituents, e.g. phenol extracts contain a certain amount of simple protein (Morgan & Partridge, 1941) and pyridine extracts comparatively large amounts of nucleic acids (Goebel et al. 1945) .
The object of the present work was to identify by chromatographic methods the hexose constituents of the polysaccharides from: (1) a representative group of Flexner strains, one strain being selected from each of the eight main types; and (2) four other members of the genus Shigella. Preparation of organisms. The purity of each culture used for mass inoculation was checked by morphological, biochemical and serological tests and its smoothness confirmed by colonial appearance and salt stability. The cultures were grown on ox-heart extract agar at 37" for 20 hr. and washed off in 0.9 % (w/v) saline. The organisms were washed a further three times in 0.9 yo (w/v) saline and then twice in distilled water, The bacterial sludge obtained after the last wash was suspended in 30 ml. distilled water and the organisms killed by adding 10 vol. acetone at -15". After two more washes in acetone the organisms were dried in vacuo over conc. H,SO, and stored a t 0". Each Flexner mass culture, harvested from five hundred 41-in. Petri plates, yielded approximately 6.0 g. acetone-dried bacteria, while each mass culture of the other members of the genus, harvested from two hundred and fifty 4-in. Petri plates, yielded approximately 3.0 g. The bacteriological purity of each plate was checked by inspection and by slide agglutination with the appropriate standard antiserum obtained from the Standards Laboratory, Colindale.
METHODS

The organisms used in this investigation
Trichloroacetic acid extraction of bacteria. The acetone-dried bacteria were extracted for 4 hr. by the method of Boivin & Mesrobeanu (1984) with N-trichloroacetic acid. After separation of the bacteria by centrifugation the extracts were dialysed to remove trichloroacetic acid and fractionated with ethanol to recover the polypeptide-phospholipid-polysacchande complex and The preparation of polysaccharides. The polysaccharides were prepared from the mixture of polypep tide-phospholipid-polysaccharide complex and polysaccharide (1 yo, w/v, aqueous solution) by partial degradation with 1 yo (v/v) acetic acid at 100'. After 4 hr. hydrolysis the acid-insoluble precipitate which formed was separated by centrifugation and the supernatant fluid cooled to 0' and extracted with ether. The material soluble in the aqueous phase proved to be polysaccharide. It was recovered from solution by the addition of 2 vol. ethanol and was repeatedly precipitated from aqueous solution by ethanol.
The degradation of the polysaccharide component of trichloroacetic acid extracts. Each polysaccharide solution was refluxed for 6 hr. in 0*25~-HC1 and then de-ionized in a mercury cathode de-salter until free from chloride and sulphate. This ion-free solution of hexoses was concentrated and analysed by chromatographic methods, Chromatography. The descending method was employed. Whatman No. 4 filter paper was used in all experiments.
Solvents. The following three solvents were used in the analysis of each polysaccharide: n-butanol + acetic acid +water Davies, 1956; Strange & Dark, 1956 ). In order to be able to detect all classes of carbohydrate and to decrease the possibility of some sugars remaining unidentified, a wide range of identifying reagents was used. The identity of an unknown sugar was considered to be established when its Ri value corresponded with that of a known control in several different solvents and when its colour reactions with eight identifying reagents also corresponded with those of the same control. The following reagents were used in the chromatographic analysis of each polysaccharide : benzidine reagent (Horrocks, 1949) ; aniline hydrogen oxalate reagent (Horrocks & Manning, 1949) ; ammoniacal silver nitrate reagent (Partridge, 1948 a) ; naphthoresorcinol reagent (Partridge, 1948a) modified as follows : 1 vol. , 1951) ; p-naphthylamine reagent (Novellie, 1950) ; iodine vapour reagent (Greenway, Kent & Whitehouse, 1953) .
Special techniques. The separation of glucosamine and galactosamine by paper chromatography is not always easy. Two methods were used to differentiate these hexosamines. The first depends on the utilization of glucosamine as substrate by hexokinase in the presence of adenosine-5-triphosphate.
Shigella pol ysaccharides
The method was described by Slein (1952). The second method, which is more efficient, depends on the conversion of %amino sugars to their corresponding parent pentoses by ninhydrin in pyridine buffer. The technique used was as described by Stoffyn & Jeanloz (1954) except that the sealed ampoules were heated at 100' for 1 hr. About 50 pg. of each hexosamine treated with ninhydrin reagent in pyridine buffer were applied to the chromatograms. Two-dimensional chromatography and elution techniques were used to confirm the results obtained with the above methods.
RESULTS
The treatment of acetone-dried organisms of twelve Shigella strains with trichloroacetic acid resulted in each instance in the recovery of polypeptidephospholipid-polysaccharide complex and polysaccharide. The amount of material so obtained varied from organism to organism, being as high as 6.7 yo of the dry weight of bacteria with Shigella j l e m i type 1 a, and as low as 4.4 % of the dry weight with S. jlexneri type 6 .
The chemical nature of the trichloroacetic acid extracts
On partial hydrolytic degradation with acetic acid each trichloroacetic acid extraut was shown to consist of three components. In their gross chemical and physical properties these components were analogous to those already studied by Morgan & Partridge (1940) and by Goebel et al. (1945) . Component I was insoluble in acetic acid and ether and on prolonged hydrolysis with N-HC~ yielded a number of amino acids but no monosaccharides; this component was considered to be a polypeptide. Component I1 was ethersoluble and contained phosphorus when examined by the method of Hanes & Isherwood (1949); it was considered to be a phospholipid, Component I11 was soluble in acetic acid and insoluble in ether. On hydrolysis with N-HC~ it yielded a number of monosaccharides and no amino acids; it was considered to be a polysaccharide, Chromatograp hie analysis Each of the twelve antigenic complexes under investigation and their polypeptide, phospholipid and polysaccharide components was examined chromatographically, using the solvents and identifying reagents described above to demonstrate that they were not contaminated with free amino acids or sugars. The hydrolysed polypeptides were examined chromatographically and shown to be free from sugars, indicating that the polypeptides were free from polysaccharide contamination. Similarly, the hydrolysed polysaccharides were examined chromatographically and shown to be free from amino acids, indicating that the polysaccharides were free from polypeptide contamination. About 500 pg. of each component were applied to the chromatogram. 
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and 8-naphthylamine, giving the typical colour reactions of an aldose. The first constituent also gave a positive ninhydrin reaction and is therefore an amino sugar. It corresponded in R, with a control of glucosamine hydrochloride in a number of different solvents and was utilized as substrate in the hexokinase reaction, thus confirming its identity. The second constituent did not react with the ninhydrin, naphthoresorcinol or iodine reagents but corresponded in R, with a control of glucose in several different solvents; it also reacted as substrate in the hexokinase reaction, thus confirming its identity. The third constituent gave a positive naphthoresorcinol reaction and its colour reactions with benzidine and aniline hydrogen oxalate also suggested that it was a substituted pentose. It corresponded in RQ value with a control of rhamnose in several solvents. The results of a similar series of experiments with each of the other seven Flexner polysaccharide hydrolysates revealed that they likewise consisted of the same three compounds, namely glucosamine hydrochloride, glucose and rhamnose. The identity of the 2-amino sugar in the hydrolysate of S. jlexneri type 2 a polysaccharide was confirmed by demonstrating its utilization as substrate in the hexokinase reaction. The %amino sugars in the hydrolysates of the polysaccharides from S . jlexneri types 3, 4a, 5 and 6 and from Flexner X and Flexner Y were converted to arabinose by the ninhydrin reaction in pyridine buffer. The 2-amino sugar present in these Flexner polysaccharides therefore seems most likely t o be glucosamine hydrochloride.
By the same methods the hexoses present in the other Shigella polysaccharide hydrolysates were determined as follows : Shigella shigae polysaccharide hydrolysate contained glucosamine hydrochloride, galactose and rhamnose ; S. sonnei polysaccharide hydrolysate contained glucosamine hydrochloride, galactose and glucose ; S . schmitzi polysaccharide hydrolysate contained glucosamine hydrochloride, galactose, glucose and rhamnose ; S . alkalescens polysaccharide hydrolysate contained glucosamine hydrochloride, galactosamine hydrochloride, glucose and galactose. The identity of the %amino sugars was confirmed by converting them to pentoses with ninhydrin reagent in pyridine buffer. 
Arabinose was formed from the 2-amino sugar present in each polysaccharide hydrolysate so that this hexosamine seems most likely to be glucosamine hydrochloride. In the case of the Shigella alkalescens polysaccharide hydrolysate, lyxose was also formed from the second %amino sugar so this hexosamine seems to be galactosamine. Control specimens of glucosamine and galactosamine hydrochlorides were treated with ninhydrin reagent in pyridine buffer as described above under identical experimental conditions to demonstrate their conversion to arabinose and lyxose respectively. Table 1 shows the constituent monosaccharides of the Shigella polysaccharides which have been studied in this investigation.
CONCLUSIONS
The eight Flexner polysaccharides investigated all possess identical monosaccharide constituents. The other Shigella polysaccharides differ in their monosaccharide constituents not only from the Flexner group as a whole but also from one another. In other words, the polysaccharides of the serologically heterogeneous Flexner group contain identical monosaccharides while the polysaccharides of the serologically homogeneous members of the genus Shigella contain different monosaccharides. The finding that S. alkalescens (NCTC 7925) polysaccharide contains galactosamine confirms the observation of Davies (1955) . The absence of this hexosamine from the polysaccharides of the other Shigella types may be of taxonomic significance. It is of interest to note that the Shigella Commission Report (1951) removes this organism from the genus Shigella and places it in the genus Escherichia on the basis of serological evidence.
The chief value of the present work is that the number of Flexner polysaccharides examined has now been extended to include a t least one from each Flexner type. In the case of the polysaccharides extracted from the other members of the genus Shigella the findings of previous workers have been confirmed using, in all but two instances, a different method of extraction . Goebel et al. (1945) reported the presence of a hexosamine (estimated as glucosamine) in the polysaccharides from S. jlexneri types l a , 2a, 3 and 6. Slein & Schnell (1952) and Slein (1952) identified glucosamine, glucose and rhamnose in the polysaccharide from a strain of S. jZexneri type 3. These findings are confirmed here chromatographically by using a different method of polysaccharide extraction; the hexose constituents of the polysaccharides from strains of S. Jexneri types 4 a and 5 and Flexner X and Y are identified for the first time. The findings of Morgan (1931 Morgan ( , 1932 Morgan ( , 1936 Morgan ( , 1987 , Morgan & Partridge (1940 , 1941 and Partridge (1948b) in respect of the hexose constituents of S. shigue polysaccharide are confirmed with a different strain of S. shigae. The polysaccharide from the strain of S. sonnei examined contains the same hexose constituents as the strain studied by Jesaitis & Goebel(l952) who used a different method of extraction. The polysaccharides from the strains of S . alkalescens and S. schrnitxi examined contained the same hexose constituents as those examined by Davies (1955) , using the same method of ex traction.
